Abstract. Small cell carcinoma of the rectum is extremely rare. The present study aimed to improve the recognition of computed tomography (CT) and magnetic resonance imaging (MRI) features observed in patients with small cell carcinoma of the rectum. A total of 4 cases of patients with histologically confirmed small cell carcinoma of the rectum were retrospectively reviewed. The imaging features assessed consisted of the thickening of the rectal wall, local tumor invasion, CT density, MRI signal intensity, lesion texture, contrast enhancement characteristics, lymphadenopathy and distant metastasis. All 4 patients displayed ring-like rectal wall thickening and hypodensity in comparison to the gluteus muscles on non-enhanced CT images. MRI demonstrated isointensity on T1-weighted images and hyperintensity on T2-weighted images. Thickening of the left wall of the rectum with patchy low attenuation and the presence of an exophytic mass was observed in 1 patient. Local tumor invasion was observed in the perirectal fat spaces of 4 patients, in the prostate gland and seminal vesicle of 1 patient, and in the left seminal vesicle of 1 patient. Heterogeneous attenuation was exhibited on non-enhanced CT images in 3 lesions, and 1 lesion exhibited heterogeneous intensity on non-enhanced MRI images. All the lesions observed demonstrated strong enhancement following contrast imaging. Lymphadenopathy was observed in 4 patients, liver metastasis in 3 patients, pulmonary metastasis in 2 patients and multiple bone metastases in 1 patient. Overall, small cell carcinoma of the rectum appeared to be more likely to metastasize to the liver, pulmonary, lymph nodes and bone. Distinguishing features of small cell carcinoma of the rectum were noted as a thickening rectal wall, the presence of soft-tissue tumors, local tumor invasion, lymphadenopathy and distant metastases. Pre-operative CT and MRI are required as an aid in selecting the correct treatment plan and for the prognosis assessment of patients.
Introduction
Small cell carcinoma is a frequently occurring pulmonary neoplasm that may also be located in extrapulmonary sites, including the salivary glands, pharynx, larynx, thymus, esophagus, stomach, small bowel, colon, rectum, gallbladder, kidney, uterus, skin and breasts (1) . Extrapulmonary small cell carcinoma is histologically identical to pulmonary small cell carcinoma, with rapid local progression and exhibiting early regional and distant metastasis (1) . Patients with extrapulmonary small cell carcinoma frequently have a poor prognosis, even if diagnosed at an early stage (2) . Small cell carcinoma of the large bowel is extremely rare, representing ~0.2% of all large bowel malignancies (3). To date, there have been ~40 cases of extrapulmonary small cell carcinoma of the rectum reported in the literature (4), the majority of which are focused on the clinical and pathological features, treatment and prognosis of the disease.
The pathological features of extrapulmonary small cell carcinoma of the rectum are similar to small-cell neuroendocrine carcinomas in other sites, exhibiting closely packed cells with scanty cytoplasm, nuclear pleomorphism, a high mitotic rate and necrosis (4) . Neuroendocrine differentiation can be demonstrated by immunohistochemical methods or electron microscopy (2) . The differential diagnosis includes metastatic lung small cell carcinoma, which can only be excluded clinically; other small cell malignancies that may occur in this region, such as the more common basaloid or cloacogenic carcinoma, lymphoma, embryonal rhabdomyosarcoma and amelanotic melanoma; and other neuroendocrine tumors, such as carcinoid (4) . Long survival (10-20 years) has been reported following resection of the primary tumor, although a median survival of 5-11 months is most commonly reported (4). Computed tomography (CT) and magnetic resonance imaging (MRI), as well as colorectal colonoscopy may be used in the diagnosis of small cell carcinoma of the rectum (4,5).
Small cell carcinoma of the rectum is extremely rare. The present study aimed to improve the recognition of CT and MRI features observed in patients with small cell carcinoma of the rectum by reporting the radiological features of 4 patients with surgically and pathologically diagnosed small cell carcinoma of the rectum. In particular, the present study reviews the CT and MRI features used to diagnose the patients.
Patients and methods
Patients. The cases of 4 patients with pathologically confirmed extrapulmonary small cell carcinoma of the rectum were retrospectively reviewed by the present study. The patients were treated at Sun Yat-sen University Cancer Center (Guangzhou, Guangdong, China) between January 2001 and August 2013. The histological diagnosis of rectal small cell carcinoma was confirmed by endoscopic biopsy or surgery (Miles' operation, exploratory laparotomy and sigmoidostomy). The patients consisted of 3 men and 1 woman (age range, 40-65 years; median age, 51.5 years). The clinical records of the patients were obtained, and patient characteristics, including age, gender, tumor stage, clinical symptoms, digital rectal examination and colonoscopy results, laboratory examinations [carcinoembryonic antigen, cancer antigen 19-9 and neuron-specific enolase (NSE)], treatment and follow-up information were reviewed. Sun Yat-sen University Cancer Center Institutional Review Board approval and written informed patient consent were obtained prior to the commencement of the present study.
Imaging protocol. CT was performed for 3 patients using a Brilliance TM16 abdomen scanner (Philips Medical Systems B.V., Eindhoven, The Netherlands) with the following parameters: 5-mm slice thickness; 120-kV voltage; 200-mA current; and a 256x256 matrix. Following non-enhanced CT imaging, an intravenous bolus of 1.5-2.0 ml/kg of a non-ionic iodine contrast agent (iopromide; Ultravist ® ; Bayer Plc., Newbury, UK) was administered at a rate of 2.5-3.0 ml/sec. Enhanced CT images were obtained at 60 sec post-injection of the contrast agent.
MRI was performed on 1 patient using a 1.5-Tesla unit (GE Signa CVi system; GE Healthcare Life Sciences, Chalfont, UK) with an abdomen combined coil. The following 7 sequences were obtained: Non-enhanced T1-weighted images (T1WI) in axial plane; non-enhanced T2-weighted images (T2WI) in axial plane; non-enhanced fat-suppressed T2WI in axial and sagittal planes; and contrast-enhanced fat-suppressed T1WI in axial, coronal and sagittal planes. A 0.2-mmol/kg body weight bolus injection of gadopentetate dimeglumine (Magnevist ® ; Bayer Plc.) was administered to obtain contrast-enhanced sequences.
Imaging analysis. Two experienced radiologists independently evaluated the CT and MRI images. Any disagreements were resolved by consensus. The CT and MRI features evaluated consisted of rectal wall thickening, the presence of a soft-tissue tumor, local tumor invasion, CT density, MRI signal intensity (hypointensity, isointensity or hyperintensity in association with gluteal muscle signals), lesion texture (homogeneous, heterogeneous or necrotic), contrast enhancement characteristics (strong, moderate or poor), lymphadenopathy and distant metastasis. The thick rectal wall was measured in the axial plane and the maximum value was selected. Strong enhancement was selected if the degree of enhancement was stronger than that of the gluteal muscles, moderate enhancement was selected if the degree of enhancement was similar to that of the gluteal muscles and poor enhancement was selected if the degree of enhancement exhibited no clear signal increase. Lymphadenopathy was considered abnormal when the maximal short dimension was >0.5 cm, or when stronger enhancement was observed compared with that of the adjacent gluteal muscles.
Histology. All 4 patients underwent electronic enteroscopic biopsy. The specimens were cut to a width of 3.5 µm, and examined by microscopic and immunohistochemical analyses in the Pathology Department of Sun Yat-sen University Cancer Center. Immunohistochemical examinations included synaptophysin, cluster of differentiation 56 (CD56), chromogranin A and NSE. The specimens were examined microscopically by hematoxylin and eosin (H&E) staining.
Results
Clinical characteristics. The most common clinical symptoms observed in the patients were tenesmus (n=2; patients 2 and 3), increased frequency of defecation (n=2; patients 3 and 4), bloody stools (n=3; patients 1-3), difficulty in defecation (n=2; patients 2 and 4), anal pain (n=1; patient 1) and dysuresia (n=1; patient 4). In total, 1 out of the 4 patients was stage IIIC (patient 1), 1 patient was stage IVA (patient 2) and the remaining 2 patients were stage IVB (patients 3 and 4), according to the National Comprehensive Cancer Network guidelines (6) . Blood tests revealed that 1 out of 4 patients (patient 1) exhibited an abnormal carcinoembryonic antigen level of 8.19 ng/ml (normal range, 0-5 ng/ml). The 2 patients who were tested for cancer antigen 19-9 possessed normal levels (patient 1, 8.6 U/ml; patient 2, 6.9 U/ml; normal range, 0-35 U/ml). Blood NSE was evaluated in 1 patient (patient 3), at an abnormal level of 114.8 ng/ml (normal range, 0.0-15.2 ng/ml). In total, 1 patient underwent Miles' operation (patient 1), 1 patient underwent concurrent chemotherapy and radiotherapy (patient 2), 1 patient underwent an exploratory laparotomy, sigmoidostomy and post-operative chemotherapy (patient 3), and 1 patient did not receive any treatment (patient 4).
Imaging findings. The CT and MRI results are summarized in Table I . All 4 patients exhibited ring-like rectal wall thickening, hypodensity compared with the gluteus muscles on non-enhanced CT images, isointensity on T1WI and hyperintensity on T2WI. Thickening of the left wall of the rectum with patchy low attenuation and the presence of an exophytic mass was observed in 1 patient (patient 4; Fig. 1 ). Local tumor invasion of the perirectal fat spaces was observed in 4 patients. Tumor invasion of the seminal vesicle was exhibited by 1 patient (patient 1), and tumor invasion of the seminal vesicle and prostate gland was exhibited by 1 patient (patient 4). Heterogeneous attenuation was found on non-enhanced CT images in 3 lesions (patients 1, 2 and 4), and 1 lesion exhibited heterogeneous intensity on non-enhanced MRI (patient 3). All the lesions demonstrated strong enhancement following contrast imaging. Lymphadenopathy was observed in 4 patients, pulmonary Table I . CT and MRI results reviewed in 4 patients with small cell carcinoma of the rectum.
MRI Patient
Rectal wall CT, computed tomography; MRI, magnestic resonance imaging; WI, weighted images; CEC, contrast enhancement characteristics; LN, lymph node; NA, not available; hypo, hypodense; Iso, isointensity; Hyper, hyperintensity; Hetero, heterogeneous. metastasis in 2 patients (patients 3 and 4), liver metastasis in 3 patients (patient 2-4) and multiple bone metastases in 1 patient (patient 3; Fig. 2 ).
Pathological findings. All 4 patients were diagnosed with extrapulmonary small cell carcinoma of the rectum using H&E staining (patient 2; Fig. 3 ) and immunohistochemistry. Immunohistochemical analysis was performed on 3 post-operative specimens (patients 2-4). Of the total patients, 1 was diagnosed with a mixed cell type, consisting of small cell carcinoma and moderately-differentiated adenocarcinoma (patient 1), observed using H&E staining. Immunohistochemical examinations revealed that the tumor cells expressed synaptophysin and CD56 in 3 patients (patients 2-4), and chromogranin A and NSE in 2 patients (patients 2 and 3). None of the patients were negative for the antibodies relevant to small carcinoma of the rectum.
Discussion
The etiology of extrapulmonary small cell carcinoma remains unknown. Certain patients with extrapulmonary small cell carcinoma may have an ectopic production of hormones, including corticotropin, calcitonin, somatostatin and gastrin, 
A B C D
which is similar to small cell carcinoma of the lung, although clinical manifestations resulting from hormone production are rare (7) . The largest series of cases of extrapulmonary small cell carcinoma were retrospectively reviewed from a cancer database in Southeast England over 34 years (8) . The study identified 1,600 patients with extrapulmonary small cell carcinoma, of which 33% were gastrointestinal in origin, followed by genitourinary (20%), head and neck (11%) and breast (10%) origins. The majority of gastrointestinal small cell carcinoma occurs in the esophagus (53-71%) and the colon (13%) (1, 9) . Colorectal small cell carcinoma is an extremely rare tumor, with an incidence of <0.2% in all types of colorectal cancers (2) . The present study retrospectively reviewed the cases of patients with small cell carcinoma of the rectum, who presented at Sun Yat-sen University Cancer Center between January 2001 and August 2013. A total of 4 patients were identified from the picture archiving and communication system of the center. In a retrospective study of 64 cases in the USA, the most common locations identified for extrapulmonary small cell carcinoma were the colon and rectum (10) . The median age at presentation was 55 years and a slight male predominance was observed. The median survival time ranged between 6 and 12 months for treated patients, down to only weeks for untreated patients. A median survival time of 5 months has also been reported for extrapulmonary small cell carcinoma in an additional study (7) . In the present study, the median age at presentation was 51.5 years and the patients consisted of 3 men and 1 woman. In total, 2 patients were lost to follow-up and 2 patients succumbed to the carcinoma ~1 and 2 months after discharge from hospital, respectively.
Histologically, extrapulmonary small cell carcinoma is identical to pulmonary small cell carcinoma (11) . In the current study, all the patients met the histopathological criteria for the diagnosis of extrapulmonary small cell carcinoma, namely the presence of small round or spindle-shaped cells with intensely hyperchromatic nuclei, scant cytoplasm and frequent mitoses (1, 5) . Immunohistochemically, extrapulmonary small cell carcinoma often expresses synaptophysin and chromogranin A (11) . In the present study, the tumors of 3 patients expressed synaptophysin and the tumors of 2 patients expressed chromogranin A and NSE.
Small cell carcinomas are hypothesized to be derived from a pluripotent neuroendocrine stem cell (4). Ihtiyar et al (2) reported a case of tubulovillous adenoma overlaying small cell carcinoma of the rectum. In the present study, 1 tumor was composed of small cell carcinoma and moderately-differentiated adenocarcinoma, suggesting that small cell carcinoma may be derived from stem cells, which has been previously reported in other studies (12) (13) (14) .
The majority of previous studies concerning CT and MRI results in cases of extrapulmonary small cell carcinoma of the rectum appear to be case reports. Spiliopoulou et al (15) reported a case in which CT confirmed the presence of a large rectal mass extending from the anorectal junction to the mid-rectum, with multiple enlarged perirectal and mesorectal lymph nodes. Ihtiyar et al (2) reported a case in which abdominal tomography revealed the presence of a large rectal neoplasm with multiple lesions, which were possibly metastatic, in the right and left lobes of the liver, and massive enlargement of the peri-aortic and peri-iliac lymph nodes. Joshua et al (4) reported a case in which CT demonstrated the presence of a rectal tumor originating from the anterior wall of the rectum, extending into the peri-rectal fat and seminal vesicles. Liver and lymph-node involvement has been observed in 70-80% of patients in the early stages of extrapulmonary small cell carcinoma (16) . A meta-analysis by Brenner et al (9) suggested that extrapulmonary small cell carcinoma arising from the gastrointestinal tract exhibits a common pattern of spread: First to the liver, followed by metastasis to the lymph nodes and bone marrow. In the present study, 3 patients presented with multiple liver metastases, 2 patients with multiple pulmonary metastases, 1 patient with multiple bone metastases and 1 patient with lymph nodes metastases in the perirectal fat spaces, inguinal region, hepatic hilar region, retroperitoneal, mediastinum and hilus pulmonis. Therefore, together, these results indicate that small cell carcinoma of the rectum is more likely to metastasize to the liver, pulmonary, lymph nodes and bone.
Due to the high incidence of distant metastases, surgery has been recommended as the primary palliative treatment for extrapulmonary small cell carcinoma; however, a multimodality approach with combined chemotherapy and radiation therapy has been advocated to improve patient survival time (5). Spiliopoulou et al (15) divided extrapulmonary small cell carcinoma of the rectum into two major groups, limited disease or extensive disease, based on whether the disease extent could be covered by an acceptable radiotherapy portal. The treatment options for extensive disease are systemic chemotherapy or supportive care. The treatment approach for limited disease is not clear; certain physicians suggest local treatment using surgery or radiotherapy, while others suggest multimodality approaches or chemotherapy alone (15) . In an additional study of 81 patients with extrapulmonary small cell carcinoma, the majority of patients presented with limited disease, and the combination of chemotherapy and radiation therapy was observed to be as effective as surgery (17) . It has also been suggested that local control of extrapulmonary small cell carcinoma of the rectum may be achieved with multidrug chemotherapy and radiation therapy, without the requirement for radical surgery (18) . Surgery should only be performed on tumors of small dimensions, and a range of non-surgical treatments should be administered to patients with advanced-stage disease (19) . In the present study, 1 patient (stage IVB), who underwent an exploratory laparotomy, sigmoidostomy and post-operative chemotherapy, succumbed to the carcinoma ~2 months after discharge from hospital. Another patient (stage IVB), who received no treatment, succumbed ~1 month after discharge from hospital, while the remaining 2 patients were lost to follow-up.
In conclusion, small cell carcinoma of the rectum is most likely to metastasize to the liver, pulmonary, lymph nodes and bone. Distinguishing features identified by CT and MRI include the thickening of the rectal wall, the presence of soft-tissue tumors, tumor local invasion, lymphadenopathy and distant metastasis. Pre-operative CT and MRI are required as an aid in selecting the correct treatment management and for the prognosis assessment of patients.
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